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[57] ABSTRACI‘ 
A viscous coupling apparatus having enhanced torque 
progression characteristics. The viscous coupling appa 
ratus includes two sets of viscous coupling plates which 
are interleaved and mounted with rotatable members 
for relative rotation therebetween. Each plate is a gen 
erally circular ring of thin plate material and has one or 
more openings formed therein. The openings include 
coined edge surfaces that form an inclined surface and 
an arcuate wiping surface. The coined edges of inner 
and outer coupling plates oppose one another and facili 
tate the removal of viscouse ?uid from in between and 
wiping of viscous ?uid from the surface of adjacent 
coupling plates when relative rotation and frictional 
contact occurs between adjacent plates without gener 
ating excessive wear on either one of the plates. The 
removal of the viscous ?uid promotes enhanced fric 
tional contact between the facing adjacent plate sur 
faces and results in an increased torque transmission 
characteristic. 

9 Claims, 3 Drawing Sheets 
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VISCOUS COUPLING APPARATUS WITH 
OPPOSING COINED PLATES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of U.S. pa 
tent application Ser. No. 08/059,636, ?led on May 10, 
1993, now U.S. Pat. No. 5,346,044, issued Sep. 13, 1994, 
which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 07/891,417, ?led May 29, 1992, now U.S. 
Pat. No. 5,232,075, issued Aug. 3, 1993, which is a con 
tinuation of U.S. patent application Ser. No. 
07/720,401, ?led Jun. 25, 1991, now U.S. Pat. No. 
5,148,900, issued Sep. 22, 1992. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates generally to a viscous 
coupling apparatus of the type used in motor vehicles 
and, more particularly, to an improvement in the vis 
cous coupling plates utilized within the viscous cou 
pling apparatus. 

Viscous couplings are used in various applications 
within the drivetrain of a motor vehicle. In one typical 
application, a viscous coupling is located within the 
transfer case of a four-wheel drive vehicle to avoid tight 
corner braking by allowing slip to occur between the 
front and rear axles while concomitantly delivering 
torque to the wheel with traction. In another vehicular 
application, the viscous coupling is used in association 
with a differential to secure effective power delivery 
and improve traction, handling and stability. In still 
another application, the viscous coupling is a viscous 
transmission device that is located between the front 
and rear axles to provide “on-demand” four-wheel 
drive operation. 

In general, viscous couplings include of a rotatable 
input member and a rotatable output member, both 
members being rotatable about a common axis. The 
output member is often in the form of a hub while the 
input member is a rotatable housing that is hermetically 
sealed around the hub so as to de?ne a chamber therebe 
tween. Altemately, the input and output arrangements 
could be reversed in other applications. Within the 
chamber are two sets of viscous coupling plates. The 
?rst set of plates, the inner viscous coupling plates, are 
splined to the hub and rotate therewith. Similarly, a 
second set of plates, the outer viscous coupling plates, 
are splined to the housing and rotate therewith. The 
outer plates are interleaved with the inner plates. Filling 
the chamber or space between the housing and the hub 
is a high viscosity ?uid, such as silicone oil, and, usually, 
a small amount of gas or air. 

In operation, if a slight difference in rotational speed 
occurs between the input and output members, the rela 
tively low shear rate occurring within the viscous ?uid 
will permit relative slip to occur between the rotating 
members. However, as the speed differential increases, 
the viscous shear rate also increases and the ?uid works 
to transmit torque from the input hub to the output 
housing. As so far described, such viscous couplings are 
well known in the motor vehicle ?eld. 
During initial operation of the viscous coupling, 

torque is primarily transmitted by the shearing forces 
resulting from relative rotation of the adjacent viscous 
coupling plates. However, if continuous relative rota 
tion between the input and output members occurs over 
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2 
a period of time, a torque transmission phenomenon 
appears. This phenomenon is often referred to as torque 
progression or “humping”. During such a torque pro 
gression, the amount of torque transmitted between the 
input and output members substantially increases with 
out a corresponding increase in relative rotation. More 
particularly, if the rotational speed differential contin 
ues to exist, shearing of the viscous ?uid will produce a 
temperature increase within the chamber. Concomi 
tantly, the viscosity of the ?uid decreases which, in 
turn, causes a predictable digression in the amount of 
torque being transmitted. However, as the ?uid temper 
ature continues to rise, the pressure within the sealed 
chamber increases for causing a number of the coupling 
plates to axially shift relative to the input and output 
members. As the pressure continues to increase, adja 
cent inner and outer plates are forced into mating or 
frictional contact with one another which results in 
torque being transferred by a frictional component in 
addition to the already present viscous shear compo 
nent. Once frictional contact has been established be 
tween the plates, torque transmission is suddenly and 
signi?cantly ampli?ed producing the “humping” phe 
nomenon stated above. 

Because torque progression is partially caused by the 
surface to surface frictional contact of adjacent viscous 
coupling plates, the “humping” phenomenon can be 
enhanced if the space in between adjacent plates as well 
as the plates’ contacting surfaces can be made reason 
ably free of the viscous ?uid. To this end, it would be 
advantageous to remove or “pump” the viscous ?uid 
from in between adjacent plates and, in addition, wipe 
their contacting surfaces substantially free from the 
?uid. 

Viscous coupling plates are generally manufactured 
via a stamping operation in a machine press from a thin 
sheet of plate material or stock. The press utilizes male 
and female dies which cause the coupling plates to con 
form to the desired con?guration. Invariably, a stamped 
viscous coupling plate exhibits die roll (i.e. a rounded 
edge) on the edges of one side of the openings formed in 
the plate and a ?ne uneven burr on the edges of the 
opposing side. In operation, the uneven burr is quickly 
worn from the plate surface by the frictional forces 
which produce the ampli?ed torque progression. Un 
fortunately, once the uneven burr has been worn from 
the plate surface, the viscous ?uid introduced in be 
tween and onto the plate surfaces by the die roll cannot 
be effectively removed. 

Oonventionally, die roll has been eliminated on some 
viscous coupling plates by milling the openings or slots 
formed therein so as to grind off the die roll. Die roll has 
also been avoided by replacing the stamping process 
with laser cutting of the plates themselves. However, 
both of the above methods have not proven themselves 
to be cost effective and, in actuality, have proven to be 
dif?cult to duplicate and incorporate into a production 
setting. Another known method for providing a wiping 
edge is to bend the edge of the viscous clutch plate as 
disclosed in U.S. Pat. No. 4,989,687. However, such 
bent edges may produce an overly aggressive (i.e. 
sharp) wiping edge that causes excessive metal wear on 
the mating plates. . 
With the above discussion in mind, it is an object of 

the present invention to overcome the disadvantages 
associated with conventional viscous coupling plates 
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while enhancing the torque progression characteristics 
of the viscous coupling apparatus. - 

It is another object of this invention to manufacture a 
viscous coupling plate which is con?gured to substan 
tially remove viscous fluid from in between and wipe 
viscous ?uid off the surfaces of adjacent coupling plates 
to thereby enhance the frictional contact of adjacent 
coupling plates without causing the increased wear on 
the plates. 
A further object of the present invention is to pro 

duce a viscous coupling plate having a raised surface 
which causes the removal of viscous ?uid from in be 
tween adjacent coupling plates and also substantially 
wipes off ?uid from the planar surface of an adjacent 
coupling plate and which is not readily susceptible to 
frictional wearing. 
Another object of the invention is to incorporate the 

viscous coupling plates having enhanced frictional 
contact characteristics in a viscous coupling apparatus 
so as to increase the torque capacity of the viscous 
coupling apparatus. 

Finally, it is also an object of this invention to pro 
duce a viscous coupling plate for use in a viscous cou 
pling apparatus which exhibits the above advantages 
and objects and which is cost effective to produce. 

In achieving the above objects, the present invention 
provides for a viscous coupling apparatus which exhib 
its enhanced torque progression characteristics and 
torque capacity and which can be cost effectively pro 
duced. The viscous coupling plates of the present inven 
tion include raised surfaces which are formed by coin 
ing the edges of the slots and/or openings formed in the 
plates. The coined edges provide a wiping surface that 
is offset from the general plane of the plate. The wiping 
surface exhibits increased frictional wearability over 
that exhibited by conventional plates having an uneven 
burr. Also, fabrication of the coupling plate may be 
accomplished in a cost effective manner in, for example, 
a progressive die machine press. A ?rst stamping opera 
tion forms the coupling plate in its general con?gura 
tion. A second coining operation is then readily per 
formed thereafter without removal of the plate from the 
machine press. The coupling plates of the present inven 
tion are positioned in the viscous coupling apparatus so 
that the raised surfaces of adjacent plates (i.e. inner and 
outer plates) oppose or face one another. In this con?g 
uration, the total contact force is distributed between 
both the wiping surfaces of the inner plates and the 
wiping surfaces of the outer plates, thus increasing the 
overall contact surface area than that exhibited in con 
ventional viscous coupling apparatus. correspondingly, 
wear in each individual coupling plate is reduced to 
thereby increase the useful life of the coupling plates. 
Also, because both opposing plates assist in the pump 
ing action, the total contact force achievable between 
adjacent plates is signi?cantly increased which, in turn, 
allows the torque capacity for each pair of coupling 
plates to likewise be increased. 

Additional bene?ts and advantages of the present 
invention will become apparent to those skilled in the 
art to which this invention relates from the subsequent 
description of a preferred embodiment and the ap 
pended claims, taken in conjunction with the accompa 
nying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of an exemplary viscous 
coupling apparatus having the viscous coupling plates 
according to the principles of the present invention; 
FIG. 2 is a plan view of an inner viscous coupling 

plate utilized in the viscous coupling apparatus of FIG. 
1; 
FIG. 3 is a sectional view taken substantially along 

line 3-3 in FIG. 2 illustrating the raised surfaces 
formed on the viscous coupling plate after the stamping 
and coining operations; 
FIG. 4 is a partial sectional view showing the burr 

and die roll associated with a conventional stamped 
viscous coupling plate; 
FIG. 5 is a partial sectional view showing a conven 

tional stamped viscous coupling plate having milled 
edges for eliminating die roll; 
FIG. 6 is a partial sectional view showing a conven 

tional stamped viscous coupling plate formed with bent 
edges for de?ning a sharp wiping edge; 
FIG. 7 is a detail view showing an enlarged section of 

the inner viscous coupling plate depicted in FIG. 3; 
FIG. 8 is a detail view showing an enlarged section of 

an outer viscous coupling plate; and 
FIG. 9 is a partial sectional view along line 9-9 of 

FIG. 1 showing the orientation of the inner and outer 
viscous coupling plates. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings, a viscous coupling 
apparatus is illustrated in FIG. 1 and is generally desig 
nated at 10. Viscous coupling apparatus 10 is merely 
exemplary of the type of device that can be utilized in 
conjunction with a four-wheel drive transfer case or 
other aspects of a vehicle’s drivetrain, including the 
front and rear differentials, or as a viscous transmission 
for driving the rear or front axle. 

Generally, viscous coupling 10 includes a forward 
end 12 having means for being ?xedly coupled to an 
input shaft (not shown) which is driven by an output 
member of the motor vehicle transmission or transfer 
case. Similarly, an aft end 16 of viscous coupling 10 is 
provided with an opening 18 for receiving an output 
shaft (not shown) which is directed toone set of the 
vehicle’s drive wheels (not shown). The output shaft is 
journally supported for rotation in ?rst and second 
bearing assemblies 20 and 22, respectively. An elon 
gated hub 24 is shown to concentrically surround an 
end portion of the output shaft and is adapted to be 
?xedly engaged with the output shaft so as to rotate 
therewith. More speci?cally, hub 24 is coupled for rota 
tion with the output shaft through splines 26 interiorly 
formed thereon. 
A rotatable drum housing assembly 28 encircles hub 

24 and generally includes a cylindrical outer drum 30 
which is ?xedly connected to a forward cover plate 32 
and an aft cover plate 34. Forward cover plate 32 in 
cludes a generally cylindrical axial extension 36 which 
terminates in a radial ?ange 38 to which the input shaft 
is connected. To facilitate attachment of the input shaft, 
radial ?ange 38 includes mounting bores 40 through 
which threaded fasteners or the like may be extended. 
First bearing assembly 20, which supports the forward 
most end portion of the output shaft, is journaled within 
an internal portion of the axial extension 36 of forward 
cover plate 32. Similarly, second bearing assembly 22 is 
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joumaled within an internal portion of a generally axial 
extension 42 of aft cover plate 34. So constructed, drum 
housing assembly 28 and hub 24 are capable of rotating 
relative to one another. 
Drum housing assembly 28 encloses elongated hub 24 

with the inner surfaces of outer drum 30 and forward 
and aft cover plates 32 and 34, respectively, de?ning an 
internal chamber 44. Chamber 44 is hermetically sealed 
around hub 24 by fore and aft seals 46. Disposed within 
chamber 44 are two sets of interleaved viscous coupling 
plates, cumulatively designated as 48, which substan 
tially ?ll chamber 44. One set of plates, hereinafter 
referred to as inner plates 50, are mounted for rotation 
with hub 24 while the second set of plates, hereinafter 
referred to as outer plates 52, are mounted for rotation 
with outer drum 30. 

In general, viscous coupling plates 48 are formed 
from relatively thin plate stock and are generally ring 
shaped. As shown in FIG. 2, each inner plate 50 in 
cludes spline teeth 54 formed along its inner circumfer 
ence which are con?gured to meshingly engage axial 
splines 56 formed on the exterior surface of hub 24. 
Inner plates 50 are positioned in a spaced relationship 
and are so maintained by spacer rings 58. With refer 
ence also to FIG. 8, outer plates 52 are mounted to 
outer drum 30 via external spline teeth 55 formed 
around the outer circumference of outer plates 52. In 
particular, spline teeth 55 meshingly engage axial 
splines 60 formed interiorly of outer drum 30. In the 
exemplary viscous coupling apparatus shown, spacer 
rings 58 are not used with outer plates 52 and thus allow 
axial movement of outer plates 52 between adjacent 
iimer plates 50 along splines 60. However, in one alter 
native embodiment, outer plates 52 may be axially 
spaced by spacer rings 58 and ?xed relative to outer 
drum 30 while inner plates 50 are axially movable there 
between along hub 24. Of course, other arrangements of 
coupling plates in a viscous coupling apparatus are 
known and it should be understood that the present 
invention is not intended to be limited to the con?gura 
tion of the exemplary viscous coupling apparatus shown 
in FIG. 1. 
Chamber 44 is substantially ?lled, typically 90% or 

greater, with a viscous ?uid such as silicone oil, the 
remaining volume of chamber 44 being ?lled with air or 
some other inert gas. To facilitate ?lling of chamber 44, 
aft cover plate 34 is provided with a fill port 62 and ?ll 
plug 64. - 

During operation of viscous coupling apparatus 10, 
the input shaft will be driven by the vehicle’s source of 
power or transmission for causing drum housing assem 
bly 28 and outer plates 52 to rotate. Generally, hub 24 
and inner plates 50 will be rotating under substantially 
similar conditions (i.e. the vehicle is traveling on dry 
pavement with drum housing assembly 28 rotating with 
the front wheels while hub 24 is rotating with the rear 
wheels). Where the conditions involve a slight differen 
tial in rotational speeds between hub 24 and housing 28, 
the ?uid will permit viscous shearing and accommodate 
the rotational difference by allowing slip. However, as 
the rotational speed differential and viscous shearing 
rate increase, the apparent viscosity of the ?uid will 
decrease which results in a softening of the ?uid. How 
ever, this softening is more than offset by the increase in 
shear torque generated by the increase in speed and, as 
the viscous shearing rate increase, viscous coupling 10 
becomes increasingly rigid thereby transmitting an in 
creased amount of torque. 
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6 
If a substantially continuous speed differential is 

maintained over a period of time, the temperature 
within chamber 44 will begin to increase causing the 
viscous ?uid to expand. Since the ?uid will expand at a 
rate greater than that of chamber 44, the internal pres 
sure of chamber 44 will rise. During the rise in chamber 
pressure, the gas or air contained within chamber 44 
dissolves into the silicone oil. This change in the distri 
bution of air acts to modify its ?ow patterns and will 
allow for the development of pressure differentials. In 
response to the pressure differentials, the axially mov 
able plates (i.e. outer plates 52 in the illustrated embodi 
ment) will axially shift and establish frictional contact 
with an adjacent non-movable plate (i.e. inner plate 50). 
With the establishment of frictional contact between 
inner and outer plates 50 and 52, respectively, a sudden 
and sharp increase in transmitted torque occurs without 
a corresponding increase in differential rotational speed. 
This is referred to as the “humping” phenomenon or 
torque progression. As is known, the axial movement of 
outer plates 52 relative to outer drum 30 is promoted by 
radially extending slots 66 and/or other openings 78 
being provided in plates 48 to facilitate the development 
of the pressure differentials. 

Prior to discussion of the improvements in viscous 
coupling plates 48 associated with the present inven 
tion, a brief summary of conventionally processed 
plates is warranted. For purposes of clarity, convention 
ally processed viscous coupling plates, shown in FIGS. 
4 through 6, will be identi?ed as 48’. Typically, viscous 
coupling plates 48' are stamped from plate stock in a 
machine press utilizing male and female dies. As seen in 
FIG. 4, the initial stamping operation produces an un 
even ?ne burr 68 along the edges of one plate surface or 
face 67 and a rolled edge 70 along the edges of the 
opposing face 69. Uneven burr 68 results from shearing 
the plate stock and rolled edge 70 is a result of die roll 
caused as the male die moves in the direction as indi 
cated by arrow X during the stamping operation. 
During the frictional contact of torque progression, 

?ne burr 68 wipes an amount of viscous ?uid from the 
frictionally contacting surfaces of the adjacent viscous 
coupling plate 48' and assists in establishing frictional 
contact and torque progression. However, ?ne burrs 68 
are generally unevenly formed so as to provide a non 
uniform wiping edge and, in addition, are quickly worn 
off due to inter-plate frictional contact. Without the 
clearing or wiping action provided by ?ne burr 68, 
frictional contact is limited since rolled edges 70 assist in 
introducing additional viscous ?uid between the facing 
surfaces of adjacent viscous coupling plate 48'. There 
fore, in conventional viscous coupling plates, it has been 
considered desirable to remove rolled edges 70 from 
along the slot of the coupling plate 48’. 
One method of removing rolled edges 70 from along 

slots 66 is to mill slots 66 in a secondary machining 
operation. The cross-section of a viscous coupling plate 
having a milled edge is illustrated in FIG. 5. While 
rolled edge 70 is machined off by the milling operation 
to produce a relatively squared comer 72, milling burr 
68 is still quickly worn off during frictional contact with 
the adjacent plate. Furthermore, the milling procedure 
has proven difficult and costly to incorporate into a 
repeatable production setting. Another method of 
avoiding formation of the uneven burr is to bend the 
entire edge of slot 66 as is shown in FIG. 6. This method 
produces a substantially even wiping edge surface hav 
ing an extremely sharp contact point 73. However, the 
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sharp wiping edge may be overly aggressive during 
wiping action whereby undesirable excessive wear may 
occur on the mating plate. 
However, removal of rolled edges 70 is not in accor 

dance with the teachings of one embodiment of the 
present invention. Instead, rolled edges 70 are ‘em 
ployed as the “wiping” surfaces of the coupling plate. 
Referring now to FIG. 3, the viscous coupling plates 48 
of the present invention include complimentary 
“ramped” or raised surfaces 74 which terminate adja 
cent slot 66 at rolled edges 70. In this con?guration, 
rolled edges 70 provide wiping surfaces that avoid the 
excessively aggressive wiping action associated with 
sharp edges and, therefore, are not readily susceptible to 
excessive frictional wear. Alternately, raised surfaces 74 
can terminate in a planar or plateau-like con?guration 
such as that described in co-pending US. patent appli 
cation Ser. No. 07/891,417, entitled “Viscous Coupling 
Apparatus With Coined Plates,” which is hereby incor 
porated by reference. Similarly, raised surfaces 74 do 
not cause excessive wear on the adjacent frictionally 
engageable plate. If desired, recessed surfaces 80, lo 
cated adjacent slot 66, may be formed opposite of raised 
surfaces 74. It should be noted that in the con?guration 
of the present invention the recessed surfaces 80 do not 
produce the problem of introducing viscous ?uid that 
cannot be wiped away because, unlike uneven burrs 68, 
raised surfaces 74 are not readily worn away from the 
surface of the viscous coupling plates 48. Also, viscous 
coupling plates exhibit long wearing characteristics in 
that it is expected that any surface wear at rolled edges 
70 will cause the arcuate wiping surface to ?atten and 
become planar. As wear continues, the width of the 
planar wiping surface will increase and provide a pro 
gressively larger wiping area. 
To form raised surfaces 74, the areas adjacent to slots 

66 of viscous coupling plates 48 are coined after an 
initial stamping operation. As such, coined surfaces 74 
can be readily produced in a progressive die machine 
press without removing the initially stamped plates 
from the machine press itself. For example, the coupling 
plate is initially stamped in the direction of arrow Y in 
a ?rst die set to produce the general con?guration of 
slots 66. The coupling plate is then indexed to a coining 
die set which causes the edges adjacent to slots 66 to be 
coined in the direction of arrow Z without removing 
the initially formed plate 48 from the machine press. 
Thus, viscous coupling plates 48 can be easily and eco 
nomically fabricated in a high volume production appli 
cation. 
As stated above, if the differential rotational speeds 

continue to occur, inner and outer plates 50 and 52, 
respectively, come into frictional contact as a result of 
the pressure increase within chamber 44. During fric 
tional contact, the rolled edges 70 matingly engage the 
planar surface of the adjacent viscous coupling plate for 
producing a wiping action that is operable to effectively 
remove a signi?cant amount of viscous ?uid therefrom. 
By removing the viscous ?uid between the adjacent 
surfaces of contacting plates 50 and 52, frictional 
contact is thereby enhanced and increased torque trans 
fer is promoted. 
At their radial most ends (inward on inner plates 50 

and outward on outer plates 52), slots 66 terminate in 
circular openings 78. Openings 78 are provided, in part, 
to relieve the stresses involved with the coining of 
raised surfaces 74. Coined surfaces 74 are illustrated in 
FIGS. 2 and 7 as being formed on an inner plate 50 and 
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8 
in FIG. 8 coined surfaces 74 are shown formed along 
slots 66 in outer plates 52. Furthermore, coined surfaces 
74 may be formed along any edge which de?nes an 
opening in coupling plates 48. However, the generally 
radial orientation shown produces the most signi?cant 
wiping action in that it is provided normally to the 
rotational direction of plates 50 and 52. 
Turning now to FIGS. 7, 8 and 9, an opposing pair of 

coupling plates (i.e. inner plate 50 and outer plate 52) 
are shown. As illustrated in FIG. 9, plates 50 and 52 are 
positioned such that the coined surfaces 74 on each 
plate face one another. In this con?guration, the rota 
tional speed differential between inner plate 50 and 
outer plate 52 generates a pumping action which is 
induced by the raised surfaces 74. The pumping action 
forces the viscous ?uid from in between the plates 50 
and 52 as shown by arrows P. This, in turn, creates a 
pressure difference across the moveable outer plate 52 
which forces it against the inner plate 50 as shown by 
arrow F. Eventually, the arcuate or planar wiping sur 
face of each plate 50 and 52 contacts the surface of the 
opposing plate and provides frictional engagement 
therebetween. As shown in FIG. 7, surface area I is the 
portion of the surface of inner plate 50 that is friction 
ally engaged by the coined surfaces 74 of outer plate 52 
and surface area 0 shown in FIG. 8 is the portion of the 
surface of outer plate 52 that is contacted by the coined 
surfaces 74 inner plate 50. 

In the con?guration of the present invention, the total 
contact force is distributed between both the wiping 
surfaces of the inner plates and the wiping surfaces of 
the outer plates, thus increasing the overall contact 
surface area than that exhibited in conventional viscous 
coupling apparatus. correspondingly, wear in each 
individual coupling plate is reduced to thereby increase 
the useful life of the coupling plates. Also, because both 
opposing plates assist in the pumping action, the total 
contact force achievable between adjacent plates is 
signi?cantly increased which, in turn, allows the torque 
capacity for each pair of coupling plates to likewise be 
increased. 
While the above description constitutes the preferred 

embodiments of the present invention. it will be appre 
ciated that the invention is susceptible to modi?cation, - 
variation and change without departing from the proper 
scope and fair meaning of the accompanying claims. 
We claim: 
1. A viscous coupling apparatus comprising a hub 

adapted for rotation about an axis, a housing enclosing 
said hub for de?ning a chamber, said housing adapted 
for rotation relative to said hub about said axis, two sets 
of interleaved annular plates in said chamber with a ?rst 
set of said plates being rotatable with said hub and a 
second set of said plates being rotatable with said hous 
ing, one of said ?rst and second sets being axially mov 
able relative to its corresponding one of said hub and 
said housing and being capable of frictionally contact 
ing the other of said ?rst and second sets, a viscous ?uid 
disposed within said chamber and substantially immers 
ing said plates, each of said plates of said ?rst and sec 
ond sets comprises a generally planar ring having inner 
and outer peripheries and a plurality of slots formed 
therein, portions of said ring located adjacent to oppo 
site edge surfaces of each of said slots being deformed 
out of the general plane of said ring for providing a pair 
of offset portions which de?ne oppositely inclined pla 
nar ramped surfaces relative to the general plane of said 
ring, each of said ramped surfaces terminating in a wip 
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ing surface formed contiguous to its respective slot edge 
surface, each of said offset portions having a recessed 
surface formed opposite at least one of said ramped 
surface and said wiping surface, and wherein said ?rst 
and second sets of plates are disposed within said hous 
ing such that said offset portions of each set of plates 
oppose one another and are concentrically positioned. 

2. The viscous coupling apparatus of claim 1 wherein 
said wiping surface is an arcuate wiping surface. 

3. The viscous coupling apparams of claim 2 wherein 
said slots are open at one of said inner and outer periph 
enes. 

4. The viscous coupling apparatus of claim 1 wherein 
said wiping surface is a planar wiping surface. 

5. The viscous coupling apparatus of claim 1 wherein 
said slots are equally spaced and extend radially at least 
partly across said ring. 

6. The viscous coupling apparatus of claim 1 wherein 
said offset portion includes a bottom surface substan 
tially parallel to one of said ramped surfaces. 

7. A viscous coupling apparatus comprising a hub 
adapted for rotation about an axis, a housing enclosing 
said hub for de?ning a chamber, said housing adapted 
for rotation relative to said hub about said axis, two sets 
of interleaved annular plates in said chamber with a ?rst 
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10 
set of said plates being rotatable with said hub and a 
second set of said plates being rotatable with said hous 
ing, one of said ?rst and second sets being axially mov 
able relative to its corresponding one of said hub and 
said housing and being capable of frictionally contact 
ing the other of said ?rst and second sets, a viscous ?uid 
disposed Within said chamber and substantially immers 
ing said plates, each of said plates of said ?rst and sec 
ond sets comprises a generally planar ring having Inner 
and outer peripheries and a plurality of slots formed 
therein, portions of said ring located adjacent to oppo 
site edge surfaces of each of said slots being deformed 
out of the general plane of said ring, each of said de~ 
formed portions terminating in a wiping surface formed 
contiguous to its respective slot edge surface, and 
wherein said ?rst and second sets of plates are disposed 
within said housing such that said deformed portions of 
each set of plates oppose one another and are concentri 
cally positioned. 

8. The viscous coupling apparatus of claim 7 wherein 
said wiping surface is an arcuate wiping surface. 

9. The viscous coupling apparatus of claim 7 wherein 
said wiping surface is a planar wiping surface. 

* * * * * 
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